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Objective To determine whether Coxiella burnetti is able to survive within free-living ameoba.
Methods When C. burnetii was co-cultivated with the free-living amoeba species Acanthamoeba castellanii.
Results Viable bacteria were detected for 18 days. Microscopic studies confirmed the presence of bacteria
within vacuoles, some of which appeared to be spore-like forms.
Conclusion These results indicate that free-living amoebae could provide an intracellular niche for the spore
formation and survival of C. burnetii in the environment.
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INTRODUCTION
Coxiella burnetii is the agent of Q fever, a worldwide zoonosis.
C. burnetii is a strictly intracellular organism that multiplies
primarily in the monocytes and macrophages of mammals
within membrane-bound phagolysosomal vacuoles. Although
its mechanism of resistance to lysosomal enzymes remains
unclear, the bacterium has clearly adapted to this acidic envir-
onment and multiplies ouly in the phagolysosome of cells at
pH 4.8 [1,2]. The efficient adaptation of C. burnetii to an
intracellular existence contrast with their ability to survive in
the environment outside their animal hosts and their resistance
to physical and chemical agents [3]. Phylogenetic analyses have
placed C. burnetiiin the gamma subdivision of the Proteobacteria
lying closest to members of the genus Legionella [4]. Although
both are supposed to infect humans mostly through infected
aerosols from the environment, they are fastidious bacteria.
Legionella must be cultured on charcoal agar enriched with L-
cysteine or on living protozoa [5] and C. burnetii need eukar-
yotic cells for growth. Legionella can survive in the environment
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within free-living amoebae such as Naegleria or Acanthamoeba
that are ubiquitous in soil and water [5]. The survival mechan-
ism of C. burnetii in an environmental setting remains unclear,
but is supposed to be due to a developmental cycle that leads to
spore formation [6]. The phylogenetic relationship of C. burnetii
with L. pneumophila and the recent discovery of bacterial
endosymbionts of amoebae such as Parachlamydia acanthamoeba,
phylogenetically closely related to several human strictly
intracellular pathogens [7-9], led us to investigate whether
C. burnettii, like Legionella, could survive within free-living
amoebae.
MATERIALS AND METHODS
Axenic Acanthamoeba castellani amoebae (ATCC 30234) were
obtained from the American Type Culture Collection (ATCC,
Rockville, MD, USA) as were human embryonic lung (HEL)
fibroblasts. In all experiments, viable cells and amoebae were
counted by using trypan blue in a Nageotre cell after being
harvested. HEL cells were grown in modified Eagle medium
(MEM; Gibco, Gaithersburg, MD, USA) with 10% fetal calf
serum and 2 mM L-glutamine. One ml ofsuspension containing
5 X 104 HEL cells was seeded on 12-mm round coverslips in
shell vials (Sterilin, Felthan, UK) and incubated at 37°C in a 5%
CO2 atmosphere for 3 days to obtain confluent monolayers. C.
burnetii Nine Mile phase I had previously been aliquoted at
about 109 organisms/mL and stored at -80°C. One frozen
aliquot was then quickly thawed and was used for titration of
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viable bacteria using a previously described technique [2].
Briefly, 10-fold serial dilutions (10-1_10-12) of the aliquot
were made in sterile phosphate-buffered saline (PBS), and
distributed into shell vials containing HEL cells. After a 6-
day incubation, C. burnetii were stained by indirect immuno-
fluorescence in the shell vials. We used a rabbit anti-C. burnetii
serum [10] at a working dilution ofl : 200 and a goat antirabbit
fluorescein conjugate (Biomerieux, Marcy I'etoile, France) at a
working dilution of 1 : 200. Viable organisms were recorded as
infecting units/mL of aliquot suspension, by counting infected
cells at the highest dilution showing fluorescent vacuoles.
Amoebae at 104/ ml in 10 mL of modified amoebic liquid
medium (ATCC354 medium with glucose 7 giL instead of
14 giL) were incubated at 32°C with C. burnetiiat a bacteria to
amoebae ratio of200 : 1. On days 1, 2, 3, 4, 7, 9, 14,23 and30,
amoebae were dislodged by tapping the culture flasks. Five
hundred microlitres of the amoebal suspension were removed
and used for quantification of amoebic infection by indirect
immunofluorescence. The suspension was centrifuged at 100 g
for 5 min. Supernatant was removed and the pellet was resus-
pended in 500 ul, of PBS. This procedure was repeated twice.
Four hundred microlitres of the final suspension were then
cytocentrifuged on two slides at 100 g for 3 min, fixed with 1%
formaldehyde and permeabilized by 0.1 mg/mL lysophospha-
tidylcholine (Sigma, Saint-Louis, MO, USA). Amoebae from
one slide were then incubated with rabbit anti- C. burnetii
antibody serum at a working dilution of 1 : 200 for 30 min.
After three washes in PBS for 5 min, a goat antirabbit fluor-
escein conjugate at a working concentration of 1 : 200 was
added to the amoebae, which were counterstained with Evans
blue. The remaining slide served as a control (omission of
primary antibody). Results were expressed as an association
index, which is the product ofthe mean number ofbacteria per
infected amoeba and the percentage of infected amoebae. A
count was performed every day on 100 amoebae. This experi-
ment was repeated twice.
Two slides prepared at day 3 to assess the association index
were also used for the observation of C. burnetiiwithin amoebae
by using confocal microscopy. Fluorescence was analyzed with a
laser scanning confocal fluorescence microscope (LEICA
DMIRBE) equipped with a XI00 (NA. 1.4) oil immersion
lens. At day 3,300 ul. of the harvested amoebae were prepared
for an electron microscopy study and examined on aJeol1220
electron microscope (jeol, Croissy sur Seine, France). About
500 amoebae were examined.
Detection of surviving C. burnetii within the amoebae and
the effect of infection on the amoebae was assessed by titration
of surviving bacteria on shell vials and counting the amoebae.
Twenty-four 75 cm2 culture flasks with 10 mL of amoebic
medium were inoculated: six (flasks A) with amoebae (1051
mL), six (flasks B) with C. burnetii(103 / m L), six (flasks C) with
both (amoebae-C. burnetii, respectively, 105 _103/ m L) and six
(flasks D) with C. burnetii (103 ImL) and an amoebal lysate
(corresponding to an amoebal concentration of 105/mL). In
order to obtain the amoeballysate, 106 amoebae were centri-
fuged at 1500 g for 15 min, resuspended in 3 mL of amoebic
medium and broken by three sonications (40 watts, 3 min) in
ice. The suspension was passed through a 27-gauge needle three
times. In order to remove unbroken amoebae and amoebae cell
fragments, the suspension was then passed through a 0.80 Il
pore size filter. Flasks were incubated at 32°C and every third
day; one flask in each group was used for bacterial (flasks B, C
and D) and amoebal (flasks A and C) titration. Amoebae were
dislodged by tapping culture flasks. Then, 200 ul. ofsuspension
containing amoebae were removed and used for counting the
amoebae using trypan blue in a Nageotte cell. Titration of
viable bacteria was performed on shell vials as described above.
In order to count the bacteria from flask C in an intra-amoebal
location, amoebae were lysed. Bacteria from flasks Band D
were treated in the same way in order to account for bacteria
that could have been killed or lost during all steps of amoebal
lysis. Cell culture flasks were tapped and suspensions (10 mL
each) were kept in a sterile centrifugation tube. The suspensions
were centrifuged at 1500 g for 30 min. The supernatant was
discarded and pellets were suspended in 3 mL of sterile PBS.
Amoebae were lysed as described above. Amoeba cell fragments
and intact amoebae were pelleted by centrifugation (200 X g,
10 min). The supernatant was centrifuged at 12000 X g for
15 min in order to pellet C. burnetii, which was then suspended
in 1 mL of cell culture medium before titration in shell vials as
described above.
RESULTS AND DISCUSSION
Association of C. burnetii with amoebae was first studied.
Amoeba cell density steadily increased by 10 ± 0.7-fold until
day 7 and then remained at a stable concentration until day 30.
The association index decreased in a time-dependent manner
(Figure 1). At day 1, all amoebae were infected by a mean of
5.25 bacteria per amoeba. A decrease of the association index
was mostly observed until day 7, when the amoebal population
steadily increased. After day 7 both remained stable. After
30 days, 52% ofthe amoebae remained infected with an average
of two bacteria per amoeba.
The intra-amoeballocation of C. burnetiiwas confirmed by
both confocal microscopy (Figure 2) and electron microscopy
(Figure 3). After 3 days of cultivation, bacteria were found in
vacuoles within the amoebae and no bacteria were found free in
cytoplasm. Most C. burnetii were in a large cell variant form,
resembling Gram-negative bacteria. Vacuoles never contained
more than five bacteria. Some cells appeared to be deteriorat-
ing, as evidenced by loose outer cell membrane. It was possible
to observe within some vacuoles differentiating cell spore-like
forms within mother cells, demonstrating the ability of
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Figure 1 Association of C burnetii with A. castellanii cultivated in amoeba
medium modified at 32 'c. AI, association index.
C burnetii to undergo this differentiation within amoebae
(Figure 3). The ratio ofspore-like forms was 1 per 100 amoebae.
Detection of surviving C burnetii within the amoebae and
the effect of infection on the amoebae was assessed. The
evolution of the amoebic population was identical in the
infected (flask C) and non-infected amoebae (flask A) (data
not shown), demonstrating the lack of pathogenic effect of C
burnetii on amoebae in these experimental conditions. The
Figure 2 Demonstration of C burnetii within an A. castellanii amoeba by
using confocal microscopy (original magnification x 1000).
number of viable C burnetii increased slightly until day 6,
and decreased thereafter (Figure 4). Nevertheless, the decrease
was significantly more rapid in bacteria cultivated in axenic
Figure 3 Electron micrographs of C burnetii within A. castellanii. Large cell variant (arrow 1) and spore (arrow 2) within a vacuole (vacuole membrane arrow
3).
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Figure 4 Titration of viable C.bumetii. incubated at 32 'C in modified amoebic medium, with A. castellanii (.), with A. castellanii lysate (~), and without
A. castellanii (0) (P < 0.05). Comparison was calculated from linear regression curves (dotted lines) using a correlation test.
medium and in amoebic lysate than with live amoebae. Further-
more, no viable bacteria were detected after day 15 in flasks
where bacteria were cultivated alone or with amoebic lysate,
whereas in flasks where bacteria were co-cultivated with
amoebae at day 18 numerous viable bacteria remained detect-
able (Figure 4).
The results of this study suggest a possible mechanism that
could support the survival and resistance of C. burnetii in an
environmental setting. The ability of C. burnetii to survive
within amoebae is supported by both immunofluorescence
and transmission electron microscopy data. Furthermore, a
spore-like formation appears to be a possible feature in amoebal
hosts. This spore formation appears as a significantly more
frequent event in amoebae with a rate of 5/500 compared to
mammal cell lines such as L929 or THP1 where this rate is lower
than 0/1000 (D ellacasagrandeJ.and Macherghi S., unpublished
data) (Fisher's exact test P = 0.004). Protozoa, of which there
are thousands of species, are ubiquitous in diverse natural
habitats such as fresh and salt water, moist soils and even dry
sands. Protozoa such as free-living amoebae are predators that
use bacteria as food, but not all bacteria are suitable food sources
for protozoa. Furthermore, they allow survival, replication
and distribution of some species of pathogenic bacteria in
the natural environment [11]. The intracellular niche affords
protection against environmental conditions such as hot tem-
peratures [12] and treatment with biocide such as chlorine [13].
In fact, bacteria that are able to survive the lethal consequence of
phagocytosis by protozoa probably have the ability to survive
within human monocytes provided they can penetrate the host,
have the ability to survive at the temperature of37 °C and can
be ingested by monocytes. After bacteria have been ingested by
monocytes, for L. pneumophila, the mechanisms involved in
resistance to phagocytosis are the same between monocytes and
amoebae [14]. Amoeba-associated bacteria have been found to
be phylogenetically heterogeneous, and include members ofthe
(subgroup of Proteobaeteriaeeae such as 'Legionella-like amoebal
pathogens' [8], the o.l subgroup, such as Ehrliehia-like bacteria
[15], the (12 subgroup, such as Afipia felis [16] and the Plancto-
myeeslChlamydia group, such as Paraehlamydia acanthamoeba
[7,9]. The restriction to intracellular life has been explored
by numerous ancestors, and the early divergence of strict
intracellular bacteria probably occurred by adaptation to the
ancestors of current protozoa that gave them an evolutionary
advantage in the colonization ofmulticellular organisms such as
arthropods or mammals.
During Q fever, human contamination occurs mostly by the
inhalation of infected aerosols in areas oflivestock breeding. C.
burnetii is excreted into the environment during the birth of
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infected animals, as the placenta ofinfected animals contains up
to 10 9 bacterialg of tissue [17]. Consequently, populations that
live in the path of winds from breeding areas develop signifi-
cantly more cases of Q fever [18]. As C. burnettii can survive
within amoebae, the bacteria excreted in the environment
during birth could be ingested by soil amoebae and then
differentiate into a spore-like form, infection occuring through
the inhalation of spores or of infected amoebae as described in
the epidemiology of legionellosis. The results of this study
demonstrate the existence of an intracellular niche for C.
burnetiisurvival and a spore-like form formation in an environ-
mental setting. Further studies could include research of C.
burnetii within protozoa, probably in areas where infected
livestock are born.
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